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ABSTRACT: Obesity is a multifactorial disorder induced by a combination of genetic and 
environmental factors, characterized by chronic accumulation of adipose tissue. Dietary lipids 
significantly contribute to obesity but regulation of energy homeostasis may be altered by resident 
gut microbiome. Altering or transplanting gut microbiome may lead to harmful or beneficial effects in 
humans. Zebrafish has become an excellent vertebrate model for studying dietary lipid absorption 
and metabolic disorders owing to genetic homology (>80%) and organ similarity to humans, and 
remain amenable to several genetic manipulation techniques. Our objectives for the present 
investigation are to study the effects of dietary cholesterol supplemented diet for 8 weeks and 
assessing the role of gut microbes transplantation from obese zebrafish in inducing obesity. Body 
Mass Index (BMI) values of obese zebrafish was significantly (P>0.001) higher than that of the 
control. Consumption of fat-rich diet led to increased accumulation and size of lipid droplets in 
enterocytes and affecting hepatocytes thereby inducing non-alcoholic hepatic steatosis. Interestingly, 
transfer of gut microbiome from obese to control zebrafish by faecal transplantation through rearing 
water combined with cholesterol supplementation accelerated adipocyte accumulation and obesity 
within 5/6 weeks. Role of dietary lipids and gut microbiome in obesity are discussed. 
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INTRODUCTION 


Obesity is an epidemic disease ravaging differentiation of new adipose tissues. In 


human population in recent years manifesting 
in clinical complications including Type II 
diabetes mellitus (T2DM) and _= several 
cardiovascular disorders [1]. Consumption of 
westernised diets rich in fat and sedentary life 
style are the major contributing factors to 
obesity in humans [2]. Indian sub-continent is 
now reeling with many metabolic diseases and 
has become one of the capitals for obesity and 
cardiovascular diseases. With increasing 
industrialization and urbanization, Indian 
population enjoys more transportation facilities 
that reduced physical activity and access to fat 
rich junk diet augmented by sedentary habits 
leads to exogenous obesity [3]. In addition, life 
style changes like shift working and couch 
surfing has significantly increased obesity in 
young school going children and adolescent 
population; trend is significantly higher in 


Trivandrum, Kerala [4]. Obesity is a 
multifactorial disorder with genetic 
predisposition resulting in chronic 
accumulation of fat requiring continuous 


humans, excessive food intake than energy 
expenditure and reduced physical activity has 
more effect on regulation of body weight than 
physiology. Leptin produced in adipocytes 
regulate lipid metabolism by sending feedback 
signals to the brain for regulating body weight 
in humans. Reduction in adipocyte 
accumulation corresponds to decreased leptin 
levels, which in turn leads to excess food intake 
and weight gain [5]. 


Recent studies have shown that dietary lipid 
absorption in humans is regulated by the host’s 
gut microbiome. Bacterial populations begin to 
colonise human gut from birth and results in 
diverse microbiota composition inhabiting the 
host until death [6]. Human gut colonized by an 
enormous number (~1014) of microbes from 
birth that evolved in parallel and well known to 
regulate host digestive physiology and energy 
homeostasis [7]. Several bacterial populations 
in our gut are well known for their ability to 
actively ferment nutrients and excrete valuable 


*Corresponding Author: justindavid.kufos@gmail.com 


Received: 15.062022 


Accepted: 15.07.2022 


Published on: 01.08.2022 


Justin David & Adaikalaraj 


International Journal of Advanced Science and En: 


ineering 


www.mahendrapublications.com 


ATOLLYVY HOUVaSAd 


Int. J. Adv. Sci. Eng. Vol.9 No.1 2599-2606 (2022) 2600 


metabolic by products into the immediate 
environment and thereby contribute 
beneficially to human metabolism [8]. Human 
gut is predominantly colonised by bacterial 
population from phylum Firmicutes, 
Bacteroidetes, Actinobacteria and 
Proteobacteria [8]. More than 1500 bacterial 
species are known to inhabit human digestive 
tracts but only about ~160 species are 
considered to constitute the core microbiome in 
humans [9]. Adult gut microbiota responds to 
dietary changes and in _ particular, class 
Erysipelotrichi of the phylum _ Firmicutes 
increases dramatically in the gut within 24 hr of 
exposure to fat rich diet [10]. Dietary 
carbohydrates that are not digested in the 
upper part of the digestive tract may also 
influence the gut microbial composition [11]. 
Recently, gut meta-genomics research, where 
microbial coding sequences of millions of 
bacterial population are extensively studied, has 
gained importance owing to the influence of 
diet on gut microbiome and similarity of 
microbiome composition between many 
vertebrate species [12]. Research in gut meta- 
genomics has shown that many metabolic 
diseases of the 21st century such as 
Inflammatory Bowel Syndrome (IBS) is now 
recognised as the outcome of altered gut 
microbial content [11-13]. 


Very recently, researchers have stumbled 
upon the relationship between gut microbiome 
composition and obesity in humans. Among 
several interesting investigations conducted on 
the composition of gut microbiota and their role 
in nutrient absorption and metabolism, few 
have concentrated on the increasing effects of 
high-fat diet induced microbiome population [6- 
8]. The study by Ley et al., [14] was one among 
the few studies that conferred Phylum 
Firmicutes as regulators of energy homeostasis 
and obesity in humans. The authors identified 
that Bacterial Phyla Firmicutes increased in 
abundance in obese mice and humans while 
Bacteriodetes population reduced drastically 
[14-16]. Several studies followed suit and 
clearly indicated that obesity might indeed be 
due to altered host gut microbial composition. 
Interestingly, dietary restriction leading to 
weight loss of obese individuals is the outcome 
of altered bacterial composition which results in 
decreased energy (lipids) uptake and 
metabolism [17]. 


Zebrafish has gained importance as an 
excellent genetic model for studying human 
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metabolic diseases owing to many of its 
attractive features such as external fertilization, 
transparent embryos and_ larvae, — short 
developmental duration (24hr), availability of 
fully functional organs in <5 days post hatching, 
organ and genomic similarity to humans and 
highly conserved physiological mechanisms 
[18]. Ability of zebrafish embryos to withstand a 
number of genetic manipulation methodologies 
has made them an _ attractive model for 
biomedical and pharmaceutical research [19- 
20]. Further, mechanism of dietary lipid 
absorption and fat metabolism are conserved in 
zebrafish as in humans and hence can serve as a 
vertebrate model for studying metabolic 
disorders [21-22] and cancer [23].Very few 
studies are conducted successfully on obesity in 
zebrafish despite the availability of many 
human disease homologues [24]. Hence, further 
studies are required for a better understanding 
of the role of dietary lipids in altering gut 
microbiome and on host’s health and disease. 
Hence, our objective was to induce exogenous 
obesity in zebrafish by dietary supplementation 
of cholesterol and elucidate the beneficial role 
of gut microbiota by faecal transplantation. We 
also sought to identify antibiotic resistant 
microbial colonies resident in zebrafish 
intestine and whether transplantation of such 
microbes to control zebrafish may result in 
obesity. The outcome of the study may be useful 
in characterizing novel bacterial strains for 
development of novel pre/probiotics and in 
identifying potential therapeutic targets and 
designing novel therapeutic interventions for 
treating diet-induced obesity and _ related 
metabolic disorders. 


MATERIALS AND METHODS 
Zebrafish and Maintenance 


Zebrafish were purchased from an aquarium 
dealer (M/S. Aqua Farms, Madurai), who has 
raised a homogenous clonal population of wild 
type (WT) zebrafish which were used for the 
present study. Fish were raised under constant 
environmental conditions (12:12) Light:Dark 
(LD) and (28 + 2°C) and fed pelleted diet along 
with artemia twice a day. Several protocols 
followed in maintaining the zebrafish 
population are mentioned in detail elsewhere 
[22]. All experimental and control zebrafish 
populations were raised in separate glass tanks 
carefully avoiding cross contamination of gut 
microbes through rearing water. The Arul 
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Anandar College ethical committee approved 
animal protocols followed in the present study. 


Cholesterol Supplemented Diet 


Cholesterol (5 %) (Sigma, USA) was dissolved 
using diethyl ether and mixed with food pellets; 
pellets were allowed to air dry in sterile 
conditions inside an incubator (Labmate, India). 
Preliminary studies clearly showed that 5% 
cholesterol supplementation for about 15 -16 
weeks were sufficient to induce obesity in 
zebrafish [6, 16]. Air dried pellets were then 
refrigerated (-20°C) in a metal container and 
sealed with a tinfoil for the entire duration of 
the study to prevent bacterial contamination 
from environment and _ for preventing 
cholesterol degradation [6]. 


Confirmation of Obesity 


Male and female zebrafish were weighed 
prior to the beginning of the scheduled feeding 
experiments. Experimental zebrafish were fed 
cholesterol filled pellets, twice a day. About 1/3 
volume of water in tanks was regularly changed 
every other day. Briefly, for measuring weight 
and length, fish were anesthetized with Clove oil 
(0.5%), wiped clean with cotton and weighed in 
an electronic balance (Shimadzu, Japan) and 
measured with a metal scale. Body Mass Index 
(BMI) of each fish was calculated by dividing 
body weight/square of body length [6]. 


Gut-microbiome isolation, growth and 
transfer 


Control and experimental obese zebrafish 
were reared separately in glass tanks; care was 
taken to prevent cross-contamination of water 
between tanks. Before obtaining faecal pellets, 
adult obese zebrafish males and females were 
allowed to swim for 30 min in sterile water. For 
obtaining faecal pellets, fish were stripped 
inside a sterile laminar flow hood by slightly 
pressing their abdomen to release the faecal 
pellets that were collected in an Eppendorf tube 
with sterile broth (1 ml), vortexed for 5 min and 
serially diluted. The colonies were cultured 
overnight in broth (5 ml) in an incubator shaker 
(Remi, India) or plated onto agar plates 
containing antibiotics Ampicillin (Amp 100ug), 
Streptomycin (Str 100yug) Tetracycline (Tet 
80ug), Chloramphenicol (Chlor 240ug) and 
Kanamycin (Kan 240ug). The obtained faecal 
gut microbes were’ then’ used for 
transplantation experiments. Genomic DNA 
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isolation for gut meta-genomics studies from 
resident gut microbial culture was carried out 
using a DNA isolation Kit (Qiagen, USA). 


Briefly, for microbial transfer, Eppendorf 
tubes with bacterial culture were spun at 13000 
rpm in a refrigerated centrifuge (Eppendorf, 
USA) and bacterial pellets were diluted in 1 ml 
of sterile broth by gentle aspiration. The diluted 
cultures were mixed with sterile water (~1Lr) 
in a _ plastic container and _ experimental 
zebrafish were allowed to swim for a couple of 
hours (3-4 hr) and transferred to separate tanks 
while the control is maintained in separate 
tanks. Further, a simple methodology was also 
attempted for faecal transplantation by 
transferring ~50 ml of rearing water from 
obese zebrafish tanks to tanks containing 
experimental zebrafish. This simple bacterial 
cross contamination methodology can be 
applied in several farmed economically 
important edible fish species. 


Histological analysis of obese zebrafish liver 
and intestine 


Control and obese zebrafish were sacrificed 
and visceral organs fixed in Bouins fixative 
overnight for histological analysis. Liver and 
intestine were cross sectioned and stained with 
Haematoxylin for identifying diet-induced Non- 
Alcoholic Fatty Liver and lipid droplets inside 
enterocytes of intestine, respectively. Enlarged 
sections of gut microvillus were counted for the 
increased presence of oil droplets between 
control and obese zebrafish [25]. 


Confirmation of Obesity 


In the present study, obesity was confirmed 
by measuring Body Mass Index (BMI) values in 
zebrafish as in humans. Obese zebrafish showed 
significantly increased fat accumulation in the 
abdomen (Fig. 1-I) which is more pronounced in 
females than in males. Obese zebrafish showed 
behavioural symptoms like reduced physical 
activity and surfacing. Body Mass Index (BMI) 
values of obese zebrafish males (0.059) and 
females (0.071) were significantly higher than 
the control 


Histopathology of obese zebrafish enterocytes 
and hepatocytes 


From the present study, we know that zebrafish 
fed high cholesterol diet are prone to become 
obese and display related co-morbidities like 
increased accumulation of lipid droplets in 
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intestinal lumen (Fig. 2 B, C) and in hepatocytes were higher than the control and hepatocytes 
resembling symptoms for non-alcoholic fatty remain enlarged after increased consumption of 
liver (Fig. 2 A) as in humans. Lipid deposits the cholesterol diet. 
observed in hepatocytes of obese zebrafish liver 
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Figure 1 Diet induced Obese zebrafish: I. female (c)- control; (0) - Obese and (B) male (c)- control 
(0) - Obese II. Graphs showing (1) BMI values of Control, Obese and microbiome transplanted 
males and (2) Female zebrafish induced by diet supplemented with Cholesterol and Cholesterol 
diet-supplementation with microbial transplantation from obese zebrafish. 


Figure 2 Histo-pathology: Cross sections of (A) liver showing diet-induced non-alcoholic hepatosteatosis in 
liver of control and obese zebrafish hepatocytes. (B) Accumulation of lipid droplets in the intestinal lumen 
of control and obese zebrafish. (C) Enlarged view of intestinal villi showing accumulation of lipid droplets 
in control and obese zebrafish intestine. 
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Behavioural analyses were also carried out to 
determine physical activity pattern of obese and 
control zebrafish population. Obese zebrafish 
were reluctant to move faster and escape when 
threatened with hand held fishing net while the 
control zebrafish were able to move faster and 
escape. When obese and control zebrafish were 
subjected to swimming exercise using a 
magnetic stirrer inside a beaker (1 litre), obese 
zebrafish were not able to swim against the 
current and even died while the controls were 
able to maintain a steady swimming rhythm 
against the current (data not shown). 
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When gut microbes were plated onto agar 
plates containing antibiotics such as Ampicillin 
(Amp), Streptomycin (Str) Tetracycline (Tet), 
Chloramphenicol (Ch/or) and Kanamycin (Kan), 
some antibiotic resistant colonies were found to 
grow in control plates rather than in the obese 
(Fig. 3). From the present study, it may be 
concluded that in zebrafish, gut microbiome 
may be transferred from both parents to the 
offspring through rearing water, which contains 
faecal pellets of both parents thus imparting 
immunity to infections. . 


Control Obese 


Figure 3 Plates showing growth of microbial colonies isolated from faecal pellets of zebrafish. Bacterial 
colony in plates isolated from control and Obese intestine: with antibiotics (I) Ampicillin (II) Kanamycin 


(III) Chloramphenicol and (IV) Tetracycline. 


Hence, zebrafish can serve as a valuable 
model for gut meta-genomics research if 
fertilization and embryonic development are 
completed in vitro in a sterile environment for 
generating gnotobiotic strains [16, 26]. Our 
present study also confirms the significant role 
of gut microbiome in accelerating obesity 
induction in zebrafish. We conclude that 
microbes transferred from _ faecal pellets 
through rearing water to young larvae can alter 
colonisation of gut microbiome in adult 
zebrafish and remain a good source for 
transplantation and accelerating obesity along 
with cholesterol diet which can be applied to 
many farmed economically important edible 
fishes. Despite our best efforts, several attempts 
to generate gnotobiotic zebrafish failed due to 
unavailability of sterile space that required 
separate laminar flow hood for maintaining 
such gnotobiotic population in isolation [16]. 
However, provided such _ necessities are 
available, generating gnotobiotic strains of 


zebrafish may be feasible and useful for 
identification and characterization of microbial 
population for production of prebiotics and 
probiotics beneficial to humans [9, 27]. 


DISCUSSION 


Obesity, characterized by chronic 
accumulation of adipose tissues in humans is a 
non-communicable, multifactorial metabolic 
disorder ravaging human population in both 
developed and developing countries [2]. WHO 
reports that ~ 1/3 of the world population are 
now obese and India which was earlier known 
to have more lean population are now leading 
the chart for metabolic disorders like obesity, 
Type II diabetes and cardiovascular diseases 
[4]. Many developing countries with ever- 
increasing job opportunities that demand work 
shifts and sedentary life style have more obese 
population with increased body mass index due 
to consumption of fat-rich diets and altered 
internal biological clock [6]. In the present 
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study, obese zebrafish exhibited both 
physiological pathways and behavioural pattern 
similar to humans. The results clearly indicate 
that dietary lipids significantly contribute to 
obesity induction and alter gut microbiome in 
zebrafish. Hence, the present study can be 
considered among the few investigations 
conducted using a zebrafish model for better 
understanding of the effects of fat-rich 
westernised diets upon gut microbiome 
composition, lipid metabolism and_ obesity 
induction [16, 26-27]. 


Study conducted by Sahota et al. [28] among 
school going children has clearly indicated an 
alarming rise in obesity among young juvenile 
and paediatric populations. With the advent of 
electronic appliances that removed physical 
activity among homemakers has led to a 
dramatic increase in obesity especially among 
young women culminating in several clinical 
manifestations during pregnancy and delivery 
[29-30]. While calorie restriction and physical 
exercise in young adolescents play a positive 
role in reducing adipocyte deposition many 
have pointed out that several genetic factors 
contribute to obesity especially, genetic 
polymorphism in genes controlling appetite, 
lipid metabolism and _ factors such _ as 
adiponectin are well known _ predisposing 
factors for obesity [4,6, 22]. Earlier studies have 
shown that decrease in leptin levels led to 
increased food intake in young adolescents [5]. 
For instance, hormone leptin, which is known to 
regulate body weight, metabolism and 
reproductive function in humans might play the 
same role in zebrafish as our preliminary 
studies support the same [6]. As_ obesity 
requires relentless differentiation of adipocytes, 
which is under the control of Peroxisome 
Proliferator Receptor Gamma (PPARy) [24], it is 
essential to understand the gene expression 
profile in obese models hence transcriptome 
profiling to identify genes up or down 
regulated in obese is underway. 


Mammalian embryos undergo internal 
fertilization and embryonic development 
within placenta but receive microbiome from 
the mother at the time of birth hence, gut of 
new born babies will have microbial colonies 
resembling maternal gut microbiome [8]. In 
contrast, zebrafish embryos undergo external 
fertilization and embryonic development but 
exposed to many environmental pathogens 
and pollutants at a very early stage beginning 
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from fertilization [9,16,27] .Colonisation of 
gut microbes in zebrafish occurs at a very 
early stage of development (>3 days post 
hatching, dph). The present study clearly 
confirms that increased consumption of diet 
supplemented with cholesterol lead _ to 
obesity in zebrafish similar to humans and 
affects gut microbial composition in adults 
[26]. Nevertheless, it remains unclear 
whether gut microbiome composition is 
determined by the offspring’s genome or 
purely through transfer from the mother after 
birth and whether they are susceptible to 
alteration by changes in diet. 


Gut microbiota profiling in zebrafish is an 
arduous task due to inability of many 
microbes to grow outside gut environment 
and complications in raising pure strains of 
contributing microbes in vitro for biochemical 
and genetic analysis [26,27]. Recent studies 
have suggested that genetic background, sex, 
diet and age of the host determine the gut 
microbiome composition which defines host 
immunity in humans [4]. Rawls et al., [27] 
created gnotobiotic strains of zebrafish for 
identifying the role of gut microbes in host 
health and disease however, gnotobiotic fish 
failed to survive owing to immunodeficiency 
against pathogens. Since, microbes that 
colonise gut have a significant effect on host 
energy metabolism by altering expression of 
genes involved in lipid absorption, adiposity 
and related metabolic complications this field 
of research merits further study [31, 32]. 
Identification of novel therapeutic targets in 
obese and lean animals including zebrafish 
may lead to anti-obesity therapy in humans 
[32]. Further, identification of novel gut 
bacterial strains and their metabolic by 
products using zebrafish may contribute to 
human health and in developing novel pre 
and pro-biotic strains beneficial to humans. 


CONCLUSION 


Our present study demonstrates the 
feasibility of creating a diet-induced obese 
zebrafish model for understanding the 
molecular mechanisms orchestrating human 
obesity. The study clearly indicates the 
imminent role of gut microbiome in accelerating 
the digestive physiology especially of lipids 
thereby increasing the deposition of lipid as 
droplets in the enterocytes and hepatocytes 
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phenocopying non-alcoholic heapatosteatosis. 
However further research is required to 
understand the beneficial role of gut microbes 
in infection and immunity which may also pave 
way for isolation and characterization of novel 
microbiome population for development 
ofprobiotics for human benefit. 
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